Recent studies have shown that purified preparations of phage T4 UV DNAincising activity (T4 UV endonuclease or endonuclease V of phage T4) contain a pyrimidine dimer-DNA glycosylase activity that catalyzes hydrolysis of the 5' glycosyl bond of dimerized pyrimidines in UV-irradiated DNA. Such enzyme preparations have also been shown to catalyze the hydrolysis of phosphodiester bonds in UV-irradiated DNA at a neutral pH, presumably reflecting the action of an apurinic/apyrimidinic endonuclease at the apyrimidinic sites created by the pyrimidine dimer-DNA glycosylase. In this study we found that preparations of T4 UV DNA-incising activity contained apurinic/apyrimidinic endonuclease activity that nicked depurinated form I simian virus 40 DNA. Apurinic/apyrimidinic endonuclease activity was also found in extracts of Escherichia coli infected with T4 denV+ phage. Extracts of cells infected with T4 denV mutants contained significantly lower levels of apurinic/apyrimidinic endonuclease activity; these levels were no greater than the levels present in extracts of uninfected cells. Furthermore, the addition of DNA containing apurinic or apyrimidinic sites to reactions containing UV-irradiated DNA and T4 enzyme resulted in competition for pyrimidine dimer-DNA glycosylase activity against the UV-irradiated DNA. On the basis of these results, we concluded that apurinic/apyrimidinic endonuclease activity is encoded by the denV gene of phage T4, the same gene that codes for pyrimidine dimer-DNA glycosylase activity.
Recent studies have shown that purified preparations of phage T4 UV DNAincising activity (T4 UV endonuclease or endonuclease V of phage T4) contain a pyrimidine dimer-DNA glycosylase activity that catalyzes hydrolysis of the 5' glycosyl bond of dimerized pyrimidines in UV-irradiated DNA. Such enzyme preparations have also been shown to catalyze the hydrolysis of phosphodiester bonds in UV-irradiated DNA at a neutral pH, presumably reflecting the action of an apurinic/apyrimidinic endonuclease at the apyrimidinic sites created by the pyrimidine dimer-DNA glycosylase. In this study we found that preparations of T4 UV DNA-incising activity contained apurinic/apyrimidinic endonuclease activity that nicked depurinated form I simian virus 40 DNA. Apurinic/apyrimidinic endonuclease activity was also found in extracts of Escherichia coli infected with T4 denV+ phage. Extracts of cells infected with T4 denV mutants contained significantly lower levels of apurinic/apyrimidinic endonuclease activity; these levels were no greater than the levels present in extracts of uninfected cells. Furthermore, the addition of DNA containing apurinic or apyrimidinic sites to reactions containing UV-irradiated DNA and T4 enzyme resulted in competition for pyrimidine dimer-DNA glycosylase activity against the UV-irradiated DNA. On the basis of these results, we concluded that apurinic/apyrimidinic endonuclease activity is encoded by the denV gene of phage T4, the same gene that codes for pyrimidine dimer-DNA glycosylase activity.
Bacteriophage T4 codes for functions that protect it from the lethal effects of UV radiation (23) . Mutants defective in the denV gene (41) (fonnerly called the v gene [15] ) are abnormally sensitive to UV radiation (15) . Friedberg and King (10) demonstrated that when UV-irradiated DNA was incubated with extracts of T4 denV+-infected Escherichia coli and was sedimented in alkaline sucrose gradients, the average size of the DNA was reduced significantly compared with UV-irradiated DNA incubated with extracts of T4 den V--infected cells or with unirradiated DNA incubated with either type of extract. These results led to the conclusion that the denV gene of phage T4 codes for a function(s) required for the incision of UV-irradiated DNA during pyrimidine diIner (PD) excision. Since this work an enzyme activity with an Mr of approximately 18 ,000 has been purified in a number of laboratories from T4 denV -infected cells (4, 11, 32, 38, 43, 44) , and in one study this activity was purified to apparent homogeneity (11) . This activity has been shown to catalyze an activity that directly catalyzes hydrolysis of phosphodiester bonds in the immediate vicinity of PD, but rather is an activity that incises the apyrimidinic sites created by the action of the PD-DNA glycosylase. Thus, we were interested in determining whether there is an apurinic/ apyrimidinic (AP) endonuclease activity encoded by the denV gene that can act in concert with the PD-DNA glycosylase activity. If not, can the host-or phage-encoded AP endonuclease activity (or activities) responsible for incision of phosphodiester bonds at the apyrimidinic sites generated by the PD-DNA glycosylase be identified? In this study we examined these questions and concluded that both PD-DNA glycosylase and AP endonuclease activities are functions of the denV gene product of phage T4.
( (denV) are maintained in the laboratory of E.C.F. The T4 temperature-sensitive mutants F431 and F794 were originally isolated by Sato and Sekiguchi (31) and were obtained from Pat Seawell, Stanford University, Stanford, Calif. Phages T4uvsx and T4uvsy (UV-sensitive mutant phages with no defect in PD excision [5] were a gift from S. S. Wallace, New York Medical College, Valhalla, N.Y., and phages T4 rII H23 (denB), nd28 (denA), and T4 Sa A9 (denB) nd28 (denA) (defective in phage T4 endonucleases A and B [41] ) were were added. Incubation was continued at 28°C for an additional 4 h. After cell lysis was complete, cell debris was sedimented by centrifugation at 7,000 rpm for 60 min, and polyethylene glycol 6000 (J. T. Baker Chemical Co., Phillipsburg, N.J.) and NaCl were added to the supernatant to final concentrations of 10% and 0.5 M, respectively. Phage were precipitated out of the suspension by keeping the lysate at 4°C overnight.
The precipitate was harvested by centrifugation at 7,000 rpm for 60 min in a Sorvall GS3 rotor at 4°C. Then the precipitate was suspended in 1.0 M NaCl-20 mM Tris-hydrochloride (pH 7.5) and layered onto a discontinuous gradient containing 7.5 ml of 2.8 M cesium chloride (Harshaw Chemical Co.), 7.5 ml of 2.0 M cesium chloride, and 7.5 ml of 20% sucrose in 10 (29) .
Preparation of extracts ofT4-infected cells. All extracts were prepared by using E. coli BW 9062 as the host, except for infections with phages T4uvsx and T4uvsy, for which E. coli W3110 (sup-) was the host. Extracts were prepared by using the following two methods.
(i) Method 1. Phage were added to 100-nl portions of exponentially growing bacteria in medium containing 5 g of yeast extract per liter, 10 .0 g of tryptone (Difco) per liter, and 10.0 g of NaCl per liter at a multiplicity of infection of 5 to 10. Incubation was at 37°C for 15 min before chloramphenicol was added to a final concentration of 150 ,ug/ml. Cultures were cooled rapidly in a dry ice-ethanol bath and were then centrifuged at 5,000 rpm for 20 min in a Sorvall GSA rotor at 4°C. Cell pellets were washed in 10% sucrose-1.0 mM EDTA-50 mM Tris-hydrochloride (pH 8.0) and were resuspended in 5.0 ml of the same buffer. Lysozyme (Worthington Diagnostics, Freehold, N.J.) was added to a final concentration of 0.5 mg/ml, and the mixture was incubated at 0°C for 60 min and then at 37°C for 6 min. After centrifugation in a Beckman 5OTi rotor for 90 min at 45,000 rpm and 3°C, the supernatant was collected and used as a crude extract.
(ii) Method 2. Portions of exponentially growing bacteria (800 ml) were infected, harvested, and washed as described above. The cells were suspended in 5.0 ml of 5.0 M NaCl-50.0 mM Tris-hydrochloride (pH 7.5) and subjected to pulsed sonication for a total of 2 min with a model 350 Sonifier (Branson Instruments Co., Stamford, Conn.). The lysates were clarified by high-speed centrifugation as described above. Solid polyethylene glycol 6000 and dextran T500 (Pharmacia Fine Chemicals, Inc., Piscataway, N.J.) were added successively to 5.0-ml portions of the supernatants at 4°C to final concentrations of 6 and 4%, respectively, and the preparations were stirred in the cold for 4 [32] was used.) The enzyme preparation used for the competition experiments with UVirradiated poly(dT).poly(dA) was purified through phosphocellulose as a PD-DNA glycosylase activity by using the photoreversal-dependent release of free thymine as an assay, as described below. The phosphocellulose fraction contained 8 Assay of PD-DNA glycosylase activity. PD-DNA glycosylase activity was assayed by a modification of the procedure originally described by Radany and Friedberg (28) . This procedure measured the release of free thymine from radiolabeled DNA with thymine-containing PD after monomerization of the dimers by photoreversal. The release of free thymine was measured by thin-layer chromatography as previously described (28) final concentrations of 0.5% and 100 ,ig/ml, respectively. The tubes were incubated at 60°C for 80 to 85 min and were extracted with equal volumes of phenol, chloroformisoamyl alcohol (20:1, vol/vol), and ether. The volume of each sample was adjusted to 50 jl with 10.0 mM EDTA-100 mM NaCl-10.0 mM Tris-hydrochloride (pH 8.0). PD-DNA glycosylase activity was measured by the photoreversal-dependent release of free thymine, using thin-layer chromatography as described previously (28) .
Assay of AP endonuclease activity in extracts of T4-infected and uninfected E. coli Preparations contained 2 volumes of apurinic PM2 DNA prepared as described above, 1 volume of a mixture consisting of 10.0 mM Tris-hydrochloride (pH 7.5), 1.0 mM EDTA, and 0.4 mM dithiothreitol, and 1 volume of extract diluted to varying protein concentrations in 10.0 mM Tris-hydrochloride (pH 7.5)-1.0 mM EDTA. These preparations were incubated at 37°C for varying times for the standard reaction, except when extracts of temperature-sensitive mutants were used. The conditions for specific experiments are described below. Control incubation mixtures containing saturating amounts of E. coli endonuclease IV (21) 7.9 by adding acetic acid. Slices containing form I DNA, slices containing form II DNA, and the regions between these slices were transferred to glass scintillation vials, solubilized, and counted for radioactivity, as described above.
Measurement of phage survival after UV irradiation. T4 phage at a concentration of approximately 107 PFU/ml were suspended in 30 ml of phosphate-buffered saline in a 10.0-cm petri dish and exposed to UV irradiation at an incident fluence of 0.5 to 0.8 J/m2 per s. After each successive dose increment, a 50-pl sample was withdrawn and transferred to 5.0 ml of phosphate-buffered saline. The resulting suspension was diluted serially, and the titer of each dilution was determined on exponentially growing bacteria by standard plaque assay methods.
Protein determinations. Protein was measured by the method of Bradford (2).
RESULTS
T4 UV endonuclease contains AP endonuclease activity. In agreement with the results of numerous previous studies (6, 9, 11, 12, 24, 28, 32, 33, 43, 44) , preparations of purified T4 UV endonuclease preferentially incised UV-irradiated DNA but not unirradiated DNA (Table  1 ). In addition, we observed that the purified T4 enzyme incised form I SV40 DNA containing apurinic sites produced by heat and acid treatment ( Fig. 1 After incubation for 15 min at 370C, samples were withdrawn for analysis by either alkaline sedimentation (as described in the legend to Fig. 6 ), neutral sedimentation (as described in the legend to Fig. 1 Exonuclease m of E. coli is not required for phage T4 DNA repair in vivo. A fortuitous co-purification of AP endonuclease(s) with T4 PD-DNA glycosylase is possible, as has been observed with purified M. luteus correndonucleases (16) . Thus, studies with T4 UV DNA incising activity in vitro may not reflect the enzymology of PD excision by T4 denV+ phage in infected cells. The quantitatively major AP endonuclease activity of uninfected E. coli cells is associated with exonuclease III (37, 39) . xthmutants (40) , which are defective in this enzyme activity (39, 42) , possess only 10% of the total AP endonuclease activity present in extracts of xth' cells (22) . To determine whether the AP endonuclease function of exonuclease III is required for the excision of PD from phage T4 in vivo, we compared the UV sensitivities of T4 denV+ phage in xth+ and xth-hosts. Figure 2 shows that the UV sensitivity of the phage was indistinguishable in a wild-type strain and in four different xth-strains, including mutants containing complete deletions of the xth gene.
These results indicated that E. coli exonuclease III is not essential for the excision of PD from T4 DNA in vivo and suggested that some other specific AP endonuclease(s) is required instead.
Extracts of T4 den V-infected E. coli cells contain more AP endonuclease activity than extracts of T4 denV-infected cells. A strain of E. coli defective in both exonuclease III and endonuclease I activities was infected with either phage T4 denV+ or T4 den V-. The cultures were harvested, and extracts freed of most of the nucleic acids were prepared as described above and adjusted to identical protein concentrations. The extracts were assayed for PD-DNA glycosylase activity, and, as expected, this activity was detected in the extracts of the T4 denV+-infected cells but not in the extracts of the T4 denV--infected cells (data not shown). These extracts were incubated with form I PM2 DNA containing an average (by Poisson distribution) of one apurinic site per molecule under conditions of limiting enzyme activity (Fig. 3) . The kinetics of degradation of form I apurinic PM2 DNA were significantly faster with extracts of T4 denV+-infected cultures than with equal amounts (as protein) of extracts of T4 denV--infected cells. The level of AP endonuclease activity in extracts of T4 denV--infected cells was no greater than the level in extracts of uninfected E. coli cells (Fig. 4) . In all of our experiments the substrate concentrations used were well in excess of the apparent Km of each extract for apurinic DNA (data not shown); thus, the differences in AP endonuclease activity shown in Fig. 3 and 4 could not be attributed to differences in affinity for substrate. Incubation of either extract with native PM2 DNA under the conditions described above showed no detectable loss of the form I species (data not shown).
Mutants of phage T4 temperature sensitive with respect to UV endonuclease activity have been isolated by Sato and Sekiguchi (31) . Ex after infection with wild-type phage or with one of two temperature-sensitive mutant phages. Table 2 shows that the PD-DNA glycosylase activities in the extracts of the cells infected with the mutants were clearly temperature sensitive. Figure 4 shows the kinetics of degradation of apurinic PM2 DNA by these extracts, as well as by extracts of uninfected E. coli cells. At both the permissive and restrictive temperatures, the extracts of cells infected with wild-type phage catalyzed more rapid degradation of the DNA than did the extracts of cells infected with the temperature-sensitive mutants. A subsaturating concentration of an extract of denV+-infected cells was also assayed, and this experiment confirmed that the AP endonuclease activity in this extract was not temperature sensitive (data not shown). Extracts of cells infected with the two temperature-sensitive mutants showed levels of AP endonuclease activity indistinguishable from the levels in extracts of uninfected cells at either 30 or 430C, although all three cell extracts showed greater lability at the higher temperature. Even at 20°C no increase in the level of AP endonuclease activity was observed in the extracts of cells infected with the temperaturesensitive mutants compared with extracts of uninfected cells (data not shown).
Results identical to those obtained with extracts of T4 denV+-infected cells were obtained with extracts of E. coli cells infected with T4 phages containing mutations in genes x, y, denA, and denB (data not shown). Thus, the observations with extracts of cells infected with denV mutants could not be attributed to a nonspecific result of random mutations affecting UV sensitivity or endonuclease production by phage T4; rather, the results presented above suggested that the denV gene of phage T4 codes for both PD-DNA glycosylase and AP endonuclease activities. The two temperature-sensitive mutants tested had a thermolabile PD-DNA glycosylase activity, but within the limits of sensitivity of our experiments, there was no detectable phage- DNA containing apurinic or apyrimidinic sites competes for the PD-DNA glycosylase function of the T4 UV DNA-incising activity. If the PD-DNA glycosylase and AP endonuclease activities of the T4 enzyme are both functions of a single polypeptide, we would expect that the DNA glycosylase activity against UV-irradiated DNA containing PD would be competed for by DNA containing apurinic or apyrimidinic sites. Two sets of competition experiments were performed, in which either apuples were removed from each incubation mixture and added to 20-jd amounts of ice-cold chloroform-isoamyl alcohol (20:1, vol/vol EDTA, 100 lg of bovine serum albumin per ml, and either depyrimidinated '4C-labeled PBS2 DNA (experiment 1) or UV-irradiated 14C-labeled E. coli DNA (7% thymine-containing PD) (experiment 2) to give the indicated concentrations of competing AP sites and PD. Native E. coli DNA was, added to give the total competing nucleotide concentrations indicated. T4 UV DNA-incising activity (2. Table 4 and Fig. 5 . In these experiments we investigated competition for both PD-DNA glycosylase activity (measured by the generation of alkali-labile apyrimidinic sites in UV-irradiated DNA) and AP endonuclease activity (measured by hydrolysis of phosphodiester bonds under neutral conditions). When UV-irradiated SV40 DNA was incubated with T4 enzyme in the presence of DNA containing apurinic sites, both the number of alkalilabile sites and the number of strand breaks created in the DNA were reduced (Table 4 ). Table 4 also shows that native DNA did not compete significantly for activity that generated alkali-labile sites in UV-irradiated DNA (presumably PD-DNA glycosylase). However, such DNA did compete effectively for activity required for hydrolysis of phosphodiester bonds in UV-irradiated DNA (presumably AP endonuclease). The ability of native DNA to compete against UV-irradiated DNA containing apyrimidinic sites but not against UV-irradiated DNA with intact glycosyl bonds (Table 4) suggested that the glycosylic and endonucleolytic events stem from independent enzyme-substrate interactions. Support for this suggestion came from further experiments performed under conditions of limiting enzyme concentration, in which we found that incubation of UV-irradiated SV40 form I DNA with subsaturating levels of T4 enzyme resulted in a larger number of alkalilabile sites than phosphodiester bonds breaks (Fig. 6) . DISCUSSION Bacteriophage T4 is apparently unique among all known bacterial viruses in that it codes for a gene product that is involved in the repair of UV damage to DNA. This product is encoded by the denV (DNA endonuclease V) gene (41) of phage T4. Mutants defective in this gene have the phenotype of abnormal UV sensitivity (15) and are defective in the excision of thymine-containing PD from their own DNA after infection of E. coli with UV-irradiated phage (27) .
The denV gene product has been extensively purified and characterized in a number of laboratories (6, 9, 11, 12, 24, 32, 43, 44) . These studies (11, 24) and endonuclease V of phage T4 (32, 43, 44) have been used. In the 1970s studies with E. coli (18) and B. subtilis (8) (19) . Recent studies by Grossman et al. (14) and Haseltine et al. (16) Fig. 1 . The average number of nicks per molecule was 0.63. The excess of nicks detected under alkaline conditions compared with those detected under neutral conditions showed that not all glycosylic cleavages which resulted in alkali-sensitive sites were followed by endonucleolytic scissions. Radany and Friedberg (28) and Radany et al. ( in press) studied the T4 UV endonuclease and demonstrated the presence of PD-DNA glycosylase activity by the photoreversal-dependent release offree thymine from UV-irradiated DNA preincubated with T4 enzyme. This phenomenon was not observed when UV-irradiated DNA was incubated with extracts of cells infected with phage T4v,, a mutant defective in the denVgene (28) . Thus, the denV gene codes for a PD-DNA glycosylase activity, a conclusion supported by independent studies in a number of other laboratories (4, 13, 33; Edenberg, J. Supramol. Struct. 5[Suppl.]:170, 1981). Coupled with the previously mentioned demonstration of phosphodiester hydrolase activity against UV-irradiated DNA, this information leads to the obvious hypothesis that the associated endonuclease is not a direct-acting endonuclease that recognizes PD in UV-irradiated DNA as a substrate, but is instead an AP endonuclease that recognizes apyrimidinic sites created by the action of the PD-DNA glycosylase. This hypothesis is supported by the direct demonstration in our study of endonuclease activity against DNA containing apurinic sites, confirming the observations of Seawell et al. (33) .
The primary issue which we addressed in this study was the origin of this AP endonuclease activity. Extracts of uninfected E. coli cells contain a number of AP endonuclease activities (E. C. Friedberg, T. Bonura, E. H. Radany, and J. D. Love, in P. D. Boyer, ed., The Enzymes, vol. 14, in press), any one of which could be specifically or nonspecifically associated with the T4 PD-DNA glycosylase activity to constitute T4 UV DNA-incising activity. Alternatively, the AP endonuclease could be a phage T4 product encoded either by the denV gene or by some other gene. The results described below provide evidence that both the PD-DNA glycosylase and AP endonuclease activities are products of the denV gene of phage T4.
Extracts of T4 denV+-infected cells contain considerably more AP endonuclease activity than extracts of cells infected with either a constitutive mutant or one of two temperature-sensitive T4 mutants defective in the denV gene. Furthermore, the levels of residual AP endonuclease in the extracts of cells infected with T4 denV mutants are not greater than those in extracts of uninfected E. coli xth-cells. Thus, there is no evidence from these experiments that T4 genes other than the denV gene code for AP endonuclease activity.
When UV-irradiated SV40 DNA and UV-irradiated 3H-labeled poly(dT) * poly(dA) were incubated with T4 enzyme in the presence of DNAs containing apurinic and apyrimidinic sites, respectively, there was extensive competition by these DNAs for PD-DNA glycosylase activity. This competition was specific, since it was barely observed with native DNA. Furthermore, apyrimidinic sites competed for PD-DNA glycosylase activity nearly as strongly as PD themselves. These results are consistent with an enzyme-substrate interaction between the protein containing PD-DNA glycosylase activity and the apyrimidinic sites in DNA and indicate a physical association between PD-DNA glycosylase and AP endonuclease activities.
The conclusion that both PD-DNA glycosylase and AP endonuclease activities are functional domains of a single protein is consistent with our previous observation that an apparently homogeneous preparation of T4 UV endonuclease incises UV-irradiated DNA (11) and with our more recent observation that extensive purification of the T4 PD-DNA glycosylase activity is not associated with a detectable loss of phosphodiesterase activity (T. Bonura and E. C. Friedberg, unpublished data). A more systematic demonstration of the co-purification of these two activities is presented in the accompanying paper by Warner et al. (38) . This conclusion is also consistent with the observation that phage T4 is not abnormally sensitive to UV radiation after infection of strains of E. coli defective in the major AP endonuclease (exonuclease III). It is of interest in this regard that both temperature-sensitive phage mutants examined in this study are apparently totally defective in AP endonuclease activity in vitro, whereas they retain significant levels of PD-DNA glycosylase activity at permissive temperatures. The temperature-sensitive T4 mutant ts F431 is not abnormally sensitive to UV radiation in either xth+ or xth-hosts (data not shown), suggesting that some other AP endonuclease(s) can subsume this role in the excision repair of PD. The isolation of mutants of E. coli in which temperature-sensitive mutants do demonstrate increased UV sensitivity at the permissive temperature may help identify such AP endonucleases. Figure 6 shows that during incubation of UVirradiated DNA with T4 UV DNA-incising activity, alkali-labile sites are generated more rapidly than phosphodiester bond incisions. These results suggest that the PD-DNA glycosylase can dissociate from the alkali-labile. (apyrimidinic) sites that it produces before AP endonuclease action at these sites. Indeed, the observation ( Table 4) that AP endonuclease activity is competed for more strongly by native DNA than the PD-DNA glycosylase activity is, indicates that the PD-DNA glycosylase does dissociate from the intermediate alkali-labile sites VOL. 40, 1981 on June 29, 2017 by guest http://jvi.asm.org/ Downloaded from before AP endonuclease action in vitro. This conclusion has surprising implications for the mechanism of excision repair of PD in vivo. Uninfected E. coli cells contain a number of AP endonucleases that are not associated with known DNA glycosylases (19; Friedberg et al., in press). Therefore, one might predict that if the T4 enzyme functions by a two-step mechanism that involves separate enzyme-substrate encounters, these host AP endonucleases would be sufficient for incision of the apyrimidinic sites created by the PD-DNA glycosylase. We propose that the AP endonuclease encoded by the denV gene of phage T4 may have unique properties distinct from those of any of the host AP endonucleases. An obvious distinction could be that the T4 AP endonuclease has a particular affinity for the apyrimidinic sites specifically created by the PD-DNA glycosylase. This question is being investigated with purified enzyme in vitro.
The demonstration that the T4 UV DNAincising activity contains a PD-DNA glycosylase provides a rational explanation for the previously described substrate specificity of this enzyme. Unlike the DNA-incising activity encoded by the uvrA, uvrB, and uvrC genes of E. coli (34) , which apparently recognizes a wide range of DNA damage, including that caused by UV irradiation, mitomycin C, psoralen plus near-UV irradiation, and 4-nitroquinoline-1-oxide (26), the T4 enzyme is apparently specific for PD in DNA. Studies in other biological systems have indicated that both yeast (30) and human (45) cell lines that are defective in PD excision are sensitive not only to UV irradiation, but also to many other forms of base damage (7; R. H. Haynes and B. A. Kunz, in J. Strathern, J.
Broach, and E. W. Jones, ed., The Molecular Biology of the Yeast Saccharomyces, in press).
Thus, the T4 enzyme, and perhaps also the M. luteus enzyme, are probably not examples of a prototypic incising activity for damaged DNA.
